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Knowledge Modeling for Inherent Risk Assessment:
A Task Structure Approach
Roman M. Wong
Department of Management
Southern Illinois University, Carbondale
Abstract
We suggest an alternative approach for the development of a KBS for inherent risk assessment (IRA).
Adopting the task structure perspective, the developer will emphasize on (a) the understanding of the task
properties and the structure of the required knowledge; and (b) the modeling of their relationships into a treelike model. This study analyzes the task contents and attributes of IRA. Our observations suggest that the task
structure of IRA can be characterized as that of the generic task of diagnosis. The task-structure perspective
directs our focus to the content issues in knowledge for problem solving.

Introduction
Most of the knowledge-based systems (KBS) in the audit domain can be classified as ’first generation’ where knowledge
was typically represented in terms of heuristics that are ’situation-action’ associations, regardless of the nature of the application
task. The knowledge structure of these earlier systems does not show much depth. For tasks that are broad in scope and deal
with volatile knowledge, such as those found in economics and auditing (Coats 1988), shallow KBS have the problem of ’nutshell
brittleness.’ To overcome the inherent problems of shallow knowledge structure, researchers, especially in the AI area, have put
in extensive amount of effort to study the separation of control (’how’) and domain knowledge (Clancey 1983; Stefik 1981), and
the encoding of functional (’what’) and causal (’why’) knowledge (Davis 1982; Shoham 1988). All these efforts, as a result, make
KBS more competent, reusable, and explainable. In this paper, we discuss the task structure (TS) perspective, which emphasizes
on multiplicity of methods for tasks and flexibility of invoking them, as one approach of applying the knowledge level notion
to problem solving. We then illustrate the use of TS approach to knowledge modeling by applying it to model the inherent risk
assessment (IRA) task in the audit process.

The Task Structure Approach
The task structure is the tree of tasks, methods and subtasks applied recursively until tasks are reached that are in some sense
performed directly using available knowledge. A task is a problem type, such as diagnosis. It describes what should be done.
A method is a way of accomplishing a task. A method can set up subtasks, which themselves can be accomplished by various
methods and so forth. In the task-structure framework, methods are attached to tasks, rather than identified as independent
objects. A task can be solved by a method as general as "generate and test" or by one as specific as "Bayesian deduction." The
particular instantiating of generate and test for diagnosis would be somewhat more specific since only diagnostic hypotheses will
be generated, and only task-specific tests will be used.
The task structure approach views a solution to a complex problem as the result of the interaction of many local methods
with local tasks (Chandrasekaran et al. 1992). It links tasks with methods that accomplish them and the knowledge required
using the methods. The multiple levels of the task structure show how knowledge can be decomposed into bodies of knowledge
that are associated with specific tasks. The task structure also highlights the generality and specificity of the knowledge needed
for a problem-solving method. Some methods require very general knowledge, such as depth-first search or linear search, while
others require considerable domain knowledge, such as hierarchical classification that needs a domain-specific hierarchy of
categories. Since methods are characterized by the knowledge required to perform them, domains can be modeled by tools
appropriate for the knowledge that is available in the domain. The TS approach also emphasizes on the flexibility of combining
different methods in different sequences.

Inherent Risk Assessment
Inherent risk assessment is an important component in audit planning. The Auditing Standards Board defines inherent risk
as "the susceptibility of an account balance or class of account balances to error that could be material assuming that there are
no related internal accounting controls" (SAS 47). The result of the assessment can affect the amount of audit evidence that the
auditor plans to obtain during the audit. The findings in academic literature reveal that auditors integrate the information about
the environment; the audited firm; and the domain knowledge to form an internal model. Based on that internal model, the
auditors derive expectations regarding the accounts on the financial statements. Auditors’ expectations play an important role
in the inherent risk assessment process. Peters (1989) in his empirical study documents that auditors generate expectations
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concerning account balances and investigate balances that differ from auditors’ expectations. SAS 53 endorses the importance
of auditors’ expectations regarding account balance by stating that auditors should follow up on conditions or circumstances that
differ from the auditor's expectations. Each account on the financial statement is then compared with the auditor’s expectations.
If the account under examination is deviated significantly with the expectation, the auditor will then search for the possibility
of missing information that may contribute to the explanation of the deviation. During this process of information search and
abstraction, various hypotheses are generated. Final conclusion on the risk level of the account depends on how plausible the
hypotheses generated are.

The Task Structure of IRA
The nature of the inherent risk assessment task is resembled to that of the generic task Diagnosis. Diagnosis is a problemsolving task that takes a manifestation (e.g. discrepancy in an account balance) as input. The diagnosis task generates a
diagnostic category (e.g. "high-risk", “low-risk”) as an output. In addition to the diagnostic category, the diagnosis task also
names a disorder (e.g. "potential mechanical errors due to change of valuation method to a more complex one") that explains
the discrepancy between what meant to be happened and what actually happened. In a typical diagnostic task, one usually does
not have all the observed values necessary, at least at the beginning stage, yet, his/her task is to come up with a diagnostic
hypothesis that best explain the observed discrepancy. The diagnosis task can thus be considered an abductive task, which can
be solved by various methods such as Bayesian Explanation, Abductive Assembly, and Parsimonious Covering. The Bayesian
techniques require both the prior probabilities for the disorder and the conditional probabilities for the manifestation need to be
available. The abductive assembly method requires knowledge of both the disorder and the manifestation. This method works
by first generate plausible hypotheses then select the most plausible ones to form an explanation that best explain the data
observed. The parsimonious covering method works by going through each manifestation and updating the current parsimonious
explanations as each of the manifestations is evaluated.
We thus map the inherent risk assessment task to the Abductive Assembly method that can be further decomposed into the
subtasks of Generate Plausible Hypotheses and Select Hypotheses. The input of the Generate Plausible Hypotheses subtask
includes knowledge from domain models; the firm models which are formed during the prior stages in the audit planning process;
and environmental models which contain relevant knowledge about the industry and the economy. The output of the subtask
is a differential of hypotheses that can be used to explain the manifestations.
The next step is to determine if there is a particular sequence that the various hypotheses generated need to follow. Since
neither the professional nor the academic literature provides the necessary guidance, expertise can be extracted from the talkaloud protocol analysis obtained from audit experts. Reviewing some of the documented protocol analyses, auditors typically
use the prior year's balance adjusted by the variance in the previous years in forming his/her expectation before considering other
hypotheses such as management incentives. Management incentives are events that might have motivated managers to
manipulate the various accounts to give a distorted financial picture. Examples of these events are the existence of a
performance-related compensation plan for the managers and public issuance within a certain timeframe. Therefore, we map
the Generate Plausible Hypotheses subtask to the Classification method, which receives an account balance as input. The output
of the method is the classification of an account into "fulfilled expectation" or "failed expectation". From the analysis of the
input and output of the current problem state, we then further decompose the subtask of Classification into two subtasks, namely,
Evaluate Account and Refine Account.
Should the account examined be classified as "failed expectation", the next step is to look for factors such as management
incentives that encourage high-risk manipulations to be made to the accounts. We thus map it to the Generate Other Plausible
Hypotheses subtask in which hypotheses that can be used to explain the discrepancy are created. The knowledge required in this
state will be obtained from the firm's models, environmental models and/or the domain models. How should Generate Plausible
Hypotheses be decomposed to connect the current problem state with the goal state (which is the generation of plausible
hypotheses) is dependent upon whether the knowledge is in a form directly applicable to the task or not. If it is directly available,
Generate Plausible Hypotheses can be solved by relatively simple inference methods such as Linear Search. Otherwise, other
computational or qualitative steps may be required to convert the available but indirect information into a more usable form to
achieve the goal.
After the differential of plausible hypotheses is generated, the next step is to select from all the plausible hypotheses those
that can best explain the manifestations, i.e. the discrepancy between the actual account balance and the expectation. We thus
map the current state to the Select Hypotheses subtask, which receives all plausible hypotheses (the output of Generate Other
Plausible Hypotheses) as input. Since the task involves distinguishing those that are better able to provide an explanation from
those that are not as able, we map it to the Classification method. The Classification method again can be decomposed the
subtasks of Evaluate Hypotheses and Refine Hypotheses. More detailed discussions and graphical representation are contained
in a fuller version of this paper.
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Summary
We have discussed the major criticisms charged against the earlier knowledge systems. These criticisms include difficult
knowledge acquisition; inadequate explanations of how the problem is solved; ’nutshell’ brittleness; poor maintainability and
expandability; and difficult project management for KBS development. This paper discusses the task structure approach to
knowledge modeling. Adopting the task structure perspective, this alternative approach emphasizes on (a) the understanding
of the task properties and the structure of the required knowledge; and (b) the modeling of their relationships into a tree-like
model. This study illustrates the TS approach by applying it to the analysis of the task contents and attributes of IRA. The task
structure of IRA can be characterized as that of the generic task of diagnosis, which can further be decomposed into smaller
subtasks until to which methods can be mapped.
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